Epidemiology of pandemic influenza A/H1N1 virus during 2009–2010 in Taiwan  by Lan, Yu-Ching et al.
E
i
Y
C
a
b
c
d
a
A
R
R
A
A
K
P
M
H
S
P
1
s
2
t
a
I
V
1
e
A
2
p
B
T
0
hVirus Research 177 (2013) 46– 54
Contents lists available at ScienceDirect
Virus  Research
j ourna l ho me p age : www.elsev ier .com/ locate /v i rusres
pidemiology  of  pandemic  inﬂuenza  A/H1N1  virus  during  2009–2010
n  Taiwan
u-Ching  Lana,  Mei-Chi  Sub,  Chao-Hsien  Chenc,  Su-Hua  Huangd,  Wan-Li  Chenb,  Ni  Tienb,
heng-Wen  Linb,c,d,∗
Department of Health Risk Management, School of Public, China Medical University, Taichung, Taiwan
Department of Laboratory Medicine, China Medical University Hospital, Taichung, Taiwan
Department of Medical Laboratory Science and Biotechnology, China Medical University, Taichung, Taiwan
Department of Biotechnology, Asia University, Wufeng, Taichung, Taiwan
 r  t  i  c  l  e  i  n  f  o
rticle history:
eceived 3 January 2013
eceived in revised form 14 June 2013
ccepted 11 July 2013
vailable online 22 July 2013
eywords:
andemic inﬂuenza
ixed infection
a  b  s  t  r  a  c  t
Outbreak  of  swine-origin  inﬂuenza  A/H1N1  virus  (pdmH1N1)  occurred  in  2009.  Taiwanese  authorities
implemented  nationwide  vaccinations  with  pdmH1N1-speciﬁc  inactivated  vaccine  as  of  November  2009.
This study  evaluates  prevalence,  HA  phylogenetic  relationship,  and  transmission  dynamic  of  inﬂuenza  A
and  B viruses  in  Taiwan  in  2009–2010.  Respiratory  tract  specimens  were  analyzed  for  inﬂuenza  A  and  B
viruses. The  pdmH1N1  peaked  in November  2009,  was  predominant  from  August  2009  to  January  2010,
then sharply  dropped  in February  2010.  Signiﬁcant  prevalence  peaks  of inﬂuenza  B  in April–June  of 2010
and H3N2  virus  in July and  August  were  observed.  Highest  percentage  of  pdmH1N1-  and  H3N2-positive
cases  appeared  among  11–15-year-olds;  inﬂuenza  B-positive  cases  were  dominant  among  those  6–10A subtyping
urveillance
hylogenetic analysis
years old.  Maximum  likelihood  phylogenetic  trees  showed  11  unique  clusters  of  pdmH1N1,  seasonal
H3N2  inﬂuenza  A  and B  viruses,  as  well  as  transmission  clusters  and  mixed  infections  of  inﬂuenza  strains
in Taiwan.  The  2009  pdmH1N1  virus  was  predominant  in  Taiwan  from  August  2009  to January  2010;
seasonal  H3N2  inﬂuenza  A  and  B  viruses  exhibited  small  prevalence  peaks  after  nationwide  vaccinations.
Phylogenetic  evidence  indicated  transmission  clusters  and  multiple  independent  clades  of  co-circulating
 in Ta
 201inﬂuenza  A  and  B strains
©
. Introduction
Inﬂuenza viruses trigger epidemics worldwide, resulting in
igniﬁcant morbidity and mortality (Russell et al., 2008; Li et al.,
006). Pandemic forms of inﬂuenza A viruses have emerged
hree times in the last century: 1918 H1N1 subtype, 1957 H2N2,
nd 1968 H3N2 (Cox and Subbarao, 2000; Webster et al., 1992).
nﬂuenza B viruses isolated since the mid-1980s are classiﬁed into
ictoria and Yamagata lineages (Rota et al., 1990; Kanegae et al.,
990); they continually circulate, with antigenically novel strains
merging sporadically as pandemics: e.g., inﬂuenza A/H3N2,
/H1N1 (Cox and Subbarao, 2000; Webster et al., 1992; Li et al.,
008a,b; Dapat et al., 2011). Seasonal viruses are born from
ast pandemic versions (Wang et al., 2009; Lin et al., 2011).
∗ Corresponding author at: Department of Medical Laboratory Science and
iotechnology, China Medical University, No. 91, Hsueh-Shih Road, Taichung 40402,
aiwan. Tel.: +886 4 2205 3366x7210; fax: +886 4 22057414.
E-mail address: cwlin@mail.cmu.edu.tw (C.-W. Lin).
168-1702     ©   2013 The Authors. Published by Elsevier B.V. 
ttp://dx.doi.org/10.1016/j.virusres.2013.07.007
Open access under CC BY-NC-ND liwan.
3 The Authors. Published by Elsevier B.V. 
Recurrent epidemic inﬂuenza B links with frequent emergence of
antigenic variants; current globally circulating variants include
inﬂuenza A/Brisbane/59/2007(H1N1), A/SolomonIslands/03/2006,
A/Brisbane/10/2007(H3N2), A/Wisconsin/15/2009(H3N2),
A/Perth/16/2009(H3N2), and A/Victoria/210/2009(H3N2),
B/Brisbane/60/2008, B/Florida/04/2006, and B/Hubei-Wujiagang/
158/2009.
In June 2009, the World Health Organization (WHO) declared a
global pandemic following emergence and rapid spread of a pan-
demic swine-origin inﬂuenza A/H1N1 (pdmH1N1) virus in Mexico
and the United States that spring (Novel Swine-Origin Inﬂuenza
A (H1N1) Virus Investigation Team, 2009; Cohen and Enserink,
2009; Chang et al., 2009), transmitting rapidly via global airline
transportation (Khan et al., 2009). One report cited pdmH1N1 as
dominant south of the equator after the 2009 inﬂuenza season
(Leggat et al., 2009). Pandemics have since been traced to pdmH1N1
strains (Falchi et al., 2011; Song et al., 2010; Upphoff et al., 2009;
Iuliano et al., 2009), with many nations implementing inﬂuenza
A/pdmH1N1 vaccination programs during the last quarter of 2009.
Open access under CC BY-NC-ND license.In Taiwan, pdmH1N1 virus was isolated in late May 2009, causing
a community outbreak in early July and then spreading island-
wide (Ho et al., 2010). October saw free seasonal inﬂuenza vaccine
funded by the Centers for Disease Control (Taiwan CDC); people
icense.
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eceived them at over 3500 contracted hospitals. The Taipei gov-
rnment approved a newly licensed, inactivated vaccine with
nﬂuenza A/California/7/2009 (reassortant NYMC X-179A) (H1N1)
train known as AdimFlu-S® (Adimmune Corporation, Taichung,
aiwan) and initiated mass vaccinations as of November (Huang
t al., 2010). Free AdimFlu-S® vaccines were provided to school
hildren, elderly and front-line healthcare personnel as priority
roups. Due to delay in vaccine development and delivery in 2010,
ealth ofﬁcials used both vaccination and school closure to con-
rol pdmH1N1 (Huang et al., 2010; Kao et al., 2012; Hsueh et al.,
010). AdimFlu-S® vaccine coverage rates were 76.9% for children
nd 24.6% for civilians as of late July 2010 (Huang et al., 2010; Kao
t al., 2012).
Surveillance of H subtype proﬁles could monitor efﬁcacy of
n inactivated 2009 pdmH1N1 vaccine (AdimFlu-S®) and trans-
ission dynamics pre- and post-mass vaccination in Taiwan. This
roject analyzed 2009–2010 surveillance data for inﬂuenza A and B
iruses in Taiwan, evidence indicating the prevalence of pdmH1N1,
easonal H3N2, seasonal H1N1 inﬂuenza A and inﬂuenza B viruses.
hylogenetic techniques identiﬁed transmission dynamics among
dmH1N1, seasonal inﬂuenza A and inﬂuenza B viruses. HA sub-
ype proﬁling and phylogenetic analysis indicated pdmH1N1 as
redominant from August 2009 to April 2010, replaced by sea-
onal H3N2 inﬂuenza A and inﬂuenza B viruses after May 2010. Our
esults dealt with clinical traits of mixed infections with diverse
trains of pdmH1N1, seasonal H1N1, seasonal H3N2 inﬂuenza A
nd inﬂuenza B viruses during this period.
. Materials and methods
.1. Study design
Taiwan CDC organized the Inﬂuenza Laboratory Surveillance
etwork for surveillance of patients with inﬂuenza-like illness. The
linical Virology Laboratory of China Medical University Hospital
CMUH, Taichung, Taiwan) was among 12 contract laboratories,
ollecting and testing samples from emergency room, outpatient
nd inpatient cases with acute respiratory tract infections in
MUH year round. The study took nasopharyngeal/throat sam-
les from most patients manifesting symptoms including fever
38 ◦C, coughing, rhinorrhea, myalgia, and arthalgia in CMUH
uring 2009–2010. All nasopharyngeal/throat samples were exam-
ned using Rapid Antigen Detection test. About one-third of these
amples were further ordered to perform virus isolation by physi-
ians if patients had severe respiratory infections, such pulmonary
omplications. Positive viral isolates were subsequently typed by
mmunoﬂuorescent assay with IMAGENTM INFLUENZA VIRUS A
ND B KIT, subtypes of inﬂuenza A isolates determined by RT-PCR
nd real-time RT-PCR. Near 15% of these isolates per month were
andomly selected for HA nucleotide sequencing. We  followed
uidelines established by the China Medical University Hospital
nstitutional Review Board.
.2. Rapid diagnostic tests
KaibiliaTM Inﬂuenza A, B tests (Zhejiang, China) detected
nﬂuenza A and B nucleoprotein antigens in nasopharyngeal spec-
mens. Brieﬂy, each nasopharyngeal aspirate or swab was gently
ixed with extraction buffer, and specimen extracts were added to
ndividual wells of the testing device. Colored lines in test windows
ere observed after 15 min  of incubation at room temperature..3. Virus isolation
Nasopharyngeal or throat swab specimens were placed in ster-
lized tubes containing virus transport medium and held at 8 ◦Cch 177 (2013) 46– 54 47
during transport to a virology laboratory at China Medical Uni-
versity Hospital. After vortexing each tube with beads, 200 l of
processed transport medium was inoculated into Madin–Darby
canine kidney (MDCK) cells. These cells were cultured and cyto-
pathic effects (CPE) observed daily, A and B viruses in CPE-positive
cell cultures further veriﬁed with IMAGENTM INFLUENZA VIRUS A
AND B KIT (Oxoid, United Kingdom).
2.4. HA subtyping
A QIAamp Virus RNA Mini Kit (Qiagen) was  used to extract
viral RNA from culture supernatant. Seasonal inﬂuenza A H1
and H3 subtyping was  performed with a QIAGEN One-Step
RT-PCR kit containing 3 l puriﬁed RNA, 4 l 5× RT-PCR
buffer, 0.8 l 10 mM dNTP, 4 U RNase inhibitor, 0.8 l RT-PCR
enzyme mix, and 0.8 l 10 mM  primer. RT-PCR steps were
initial incubation at 50 ◦C for 30 min, followed by 95 ◦C for
15 min  and 40 thermal cycles of 95 ◦C for 1 min, 50 ◦C for
2 min, and 72 ◦C for 3 min. Primer pairs were as follows: for
seasonal A H1, forward 5′-GATGCAGACACAATATGTATAGG-3′
and reverse 5′-CICTACAGAGACAT AAGCATTT-3′ (nt position
of A/Puerto Rico/8/34: 78–689); for seasonal inﬂuenza A H3,
forward 5′-TCAGATTGAAGTGACTAATGCT-3′ and reverse 5′-
AATTTTGATGCCTGAAACCGT-3′ (nt position of A/Hong Kong/1/68:
114–1120). RT-PCR products were analyzed by 2% agarose elec-
trophoresis. For 2009 swine-origin pandemic A H1 subtyping,
viral RNA was analyzed with real-time one-step RT-PCR assays
by TaqMan one-step RT-PCR master mix  Reagents Kit (Applied
Biosystems). Primer pairs for such reactions were forward 5′-
GTCCTATAAACACCAGCCTYCCA-3′ (nt position of A/Canada-NS/
RV1535/2009: 920–942) and reverse 5′-CGGGATATTCCTTAAT-
CCTGTRGC-3′ (nt position of A/Canada-NS/RV1535/2009:
1010–1035), plus speciﬁc FAM probe 6-carboxyﬂuorescein-
5′-CAGAATATACATCCRGTCACAATTGGARAA-3′-BHQ-1. Real-time
one-step RT-PCRs consisted of 5 l puriﬁed RNA, 0.67 l Multi-
Scribe and Rnase inhibitor mix, 12.5 l master mix, and 0.5 l
primer (40 M)/probe (10 M).  Reactions were performed via
ampliﬁcation protocol of 1 cycle at 48 ◦C for 30 min, 1 cycle at
95 ◦C for 2 min, and 45 cycles of 95 ◦C for 15 s and 60 ◦C for 1 min.
Individual product ampliﬁcation and detection used ABI PRISM
7700 sequence detection system (PE Applied Biosystems).
2.5. Phylogenetic analysis
To analyze transmission dynamic of inﬂuenza A and B viruses
in central Taiwan, 87 pdnH1N1, 2 seasonal H1N1, and 18 sea-
sonal H3N2 inﬂuenza A viruses as well as 14 seasonal inﬂuenza
B viruses were randomly selected from nearly 15% of isolates
per month during the study period; full-length HA sequence of
these viruses selected was determined, using primers described
in previous reports (Hoffmann et al., 2001; WHO, 2009; Chi
et al., 2003). Sequences of HA gene were deposited in the
GenBank database, accession numbers listed in Supplemen-
tal Table S1. Reference sequences were chosen from GenBank
(www.ncbi.nlm.nih.gov/genbank). Genotypes and genotypic rela-
tionships for circulating inﬂuenza A and B HA genes were
identiﬁed by BioEdit program (North Carolina State University
at Raleigh, http://www.mbio.ncsu. edu/BioEdit/bioedit.html) to
align sequences with reference sequences for subtypes. Because
reference sequences of inﬂuenza A and B viruses deposited
in the GenBank database were partial, 487 bp nucleotides
for HA1 (position at A/Puerto Rico/8/1934: 425–918), 987 bp
nucleotides for HA3 (position at A/Malaysia/25920/2003: 63–1049)
and 627 bp nucleotides for HA of inﬂuenza B (position at
B/Malaysia/34079/2006: 112–751) served for analysis. Result-
ing datasets constructed phylogenetic trees for inﬂuenza A HA1,
4 Research 177 (2013) 46– 54
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A3 and inﬂuenza B HA genes, using MEGA v. 5.2 software
http://www.megasoftware.net/). After maximum-likelihood phy-
ogenetic analyses in 1000 bootstrap replicates, branch bootstrap
alues above 60% or p-values of <0.05 clustering with speciﬁc geno-
ype strains were determined. Cluster robustness could not all be
tatistically rated at 75% bootstrap due to huge size and highly
enetically similarity of data sets, we used 60% to identify epidemic
lusters. For further support of lower bootstrap values in cluster
ode, the ML  tree conﬁrms statistical signiﬁcance (p < 0.05) in each
luster node.
Supplementary data associated with this arti-
le can be found, in the online version, at
ttp://dx.doi.org/10.1016/j.virusres.2013.07.007.
. Results
.1. Surveillance of inﬂuenza A/pdmH1N1 virus in Taiwan
A total of 18,070 throat swabs were taken from subjects feeling
he effects of the pdmH1N1 infection at the university hospital in
entral Taiwan from August 2009 to August 2010 (Fig. 1A). All swabs
ere screened, using rapid diagnostic tests to detect inﬂuenza A
nd B infection. Sample size enlarged to over 1000 cases as well as
ore than a 10-fold increase of throat swabs in the hospital since
ugust 2009, implying an inﬂuenza outbreak starting as of August
009. To prevent this outbreak, the Taipei government provided
ree seasonal inﬂuenza vaccines against inﬂuenza A/H1N1, A/H3N2,
nd B in October 2009, along with further national vaccinations
sing inactivated vaccine (pdmH1N1 virus A/California/7/2009-
ike strain) from November 2009 to July 2010. Sharp decline in
ig. 1. Rapid diagnostic testing for inﬂuenza infection during pdmH1N1 pandemic
n  Taiwan. (A) Numbers of inﬂuenza cases per month subjected to rapid diagnostic
esting and (B) percentages of identiﬁed inﬂuenza A and B cases during 2009–2010.
Fig. 2. Isolation of pdmH1N1, seasonal H3N2 and seasonal H1N1 inﬂuenza A and
B  viruses during 2009 H1N1 pandemic in Taiwan. Isolation positive numbers (A)
and  percentage (B) of pdmH1N1, seasonal H3N2, seasonal H1N1 inﬂuenza A and B
viruses per month during 2009–2010 pdmH1N1 pandemic.
inﬂuenza A cases was noted afterward (Fig. 1B), but increases in
both inﬂuenza A and B cases started in April 2010.
Of 18,070 samples, 6546 swab specimens were also ordered to
test for virus isolation; typing of inﬂuenza isolates was  performed
via immunoﬂuorescent assays with IMAGENTM INFLUENZA VIRUS
A AND B KIT. Average positive isolation rate of inﬂuenza A and B
viruses was 12.1% (793/6546); of these inﬂuenza A isolates were
identiﬁed as 83.8% (665/793). HA subtype-speciﬁc detection of 665
inﬂuenza A isolates was analyzed by RT-PCR and real-time RT-PCR
(Fig. 2). Molecular subtyping indicated pdmH1N1 virus as 82.9%
(551/665) of inﬂuenza A isolates as well as predominant subtype
between August 2009 and April 2010 (Fig. 2A). Positive rates of
pdmH1N1 declined after January 2010; spread of inﬂuenza B virus
was  predominant between April and June 2010, whereas positive
isolation of seasonal inﬂuenza A/H3N2 proved higher as of April
2010 as well as highest among inﬂuenza isolates in August 2010
(Fig. 2B).
3.2. Age-speciﬁc distribution of cases during 2009–2010
pdmH1N1 pandemic
Distribution of inﬂuenza cases in each age-speciﬁc group was
determined based on methods of rapid antigen detection and
virus isolation (Fig. 3). Positive rate of rapid antigen detection for
inﬂuenza A virus was  highest among older children and adoles-
cents aged 10–15 (691/2085, 34.1%) and lowest among adults over
60 years of age (53/1, 212, 4.4%) (Fig. 3A). The second highest rate
of rapid antigen detection for inﬂuenza A virus was among children
Y.-C. Lan et al. / Virus Resear
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tig. 3. Distribution of inﬂuenza cases in each age bracket, based on detection by
apid antigen screening (A) and inﬂuenza virus isolation (B).
–10 years old (634/2603, 24.9%). Subtype proportion of inﬂuenza
 isolates in each age-speciﬁc group indicated age-speciﬁc distribu-
ion of pdmH1N1 and inﬂuenza A/H3N2 isolation-positive cases as
imilar to the pattern of positive cases of rapid antigen detection for
nﬂuenza A virus (Fig. 3B). Positive rates among 10- to 15-year-olds
ere 38.9% (177/455) for pdmH1N1 and 5.1% (23/455) for inﬂuenza
/H3N2 viruses. Meanwhile, the isolation positive rate of inﬂuenza
 virus was highest among 6- to 10-year-olds (47/943, 5.0%).
.3. Genetic and epidemic relationships among pdmH1N1 isolates
To analyze the viral strains’ spreading situation, a phylo-
enetic relationship was constructed based on HA nucleotide
equences of inﬂuenza A and B isolates. Nearly 15% of isolates
er month (including 87 pdmH1N1, 2 seasonal H1N1, 18 sea-
onal H3N2, and 14 seasonal inﬂuenza B) were randomly selected,
heir full-length HA genes subsequently sequenced and deposited
n the GenBank database (Supplemental Table S1). Maximum
ikelihood (ML) analysis constructed a phylogenetic tree of 87
dmH1N1 and 2 seasonal H1N1 HA sequences as well as sev-
ral Taiwan isolates and vaccine strains (Fig. 4), with global
dmH1N1 and seasonal H1N1 as references (Supplemental Fig.
1). ML  analysis of pdmH1N1 viruses distinguished ﬁve patterns
Clusters 1–5), indicating at least ﬁve independent introductions
f pdmH1N1 viruses circulating in central Taiwan in 2009 and
010. Cluster robustness could not all be statistically rated at 75%
ootstrap due to huge size and highly genetically similarity of
he data set, so we used 60% to identify the epidemic cluster.ch 177 (2013) 46– 54 49
For further support of lower bootstrap values in cluster node, the
ML  tree conﬁrmed statistical signiﬁcance (p < 0.05) in each cluster
node. ML  analysis of seasonal H1N1 viruses demonstrated sea-
sonal H1N1 isolates used clustered with A/Singapore/GP101/2009,
A/California/VRDL395/2009, and A/Thailand/CU-B589/2009, plus
several other 2008 viruses (Supplemental Fig. S1). A strong branch
consisting of another 87 sequences grouped with the 2010 vac-
cine strain A/St.Petersburg/14/2010 (99% bootstrap) (Fig. 4). Results
indicate multiple signiﬁcant clades among our isolates, as well as
mixed strains of pdmH1.
Supplementary data associated with this arti-
cle can be found, in the online version, at
http://dx.doi.org/10.1016/j.virusres.2013.07.007.
3.4. Phylogenetic trees of seasonal H3N2 isolates in Taiwan
Fig. 5 shows ML  analysis of phylogenetic trees from seasonal
H3N2 viruses. All Taiwan cases belong to a large clade contain-
ing A/Perth/16/2009 vaccine strain. According to bootstrap results
from this ML  analysis, 14 of 18 (77%) Taiwan H3N2 sequences
separated into 3 major monophyletic clusters with statistical
signiﬁcance (bootstrap > 60%). For further support of lower boot-
strap values in Cluster 3, ML  tree conﬁrms statistical signiﬁcance
(p < 0.05) in cluster node. Cluster 1 subclade with 87% bootstrap
value was isolated from a 1- to 6-year-old; onsets were both in
August 2010. Onsets for two  children in stronger Cluster 2 (9- and
11-years-old) were both in July 2010. By contrast, onsets for three
adult cases in Cluster 3 occurred in May  2009.
3.5. Phylogenetic trees of inﬂuenza B isolates in Taiwan
According to the inﬂuenza B ML  tree in Fig. 6, all 14 HA sequences
of inﬂuenza B isolates appeared in three monophyletic clusters. As
for HA sequences, twelve strains (Cluster 3) were Victoria- and two
Yamagata-like (Clusters 1 and 2). In Cluster 1, a 2009 Taiwan strain
was  close to B/Alaska/03/2008 and another 11 viral strains; one
2010 viral strain was close to B/Indiana/08/2008 (Cluster 2). Boot-
strap numbers of these three clusters exceeded 75%. Two  sequences
in Cluster 3 were close to each other, thus representing a sub-
clade with a signiﬁcant bootstrap value of 86%. Onsets for these
cases (ages 10 and 9) were May  and June 2010, respectively. Unlike
other Victoria-like Taiwan reference strains identiﬁed in 2006, this
Taiwan inﬂuenza B Cluster 3 was  independent.
4. Discussion
This study showed prevalence changes of pdmH1N1, sea-
sonal H1N1, seasonal inﬂuenza A and B infections, indicating
co-circulation pattern of inﬂuenza A and B in Taiwan from August
2009 to August 2010. HA phylogenetic analyses demonstrated
mixed infections with multiple introductions of diverse pdmH1N1,
seasonal H1N1, seasonal H3N2 inﬂuenza A and B strains circulat-
ing in a limited locale, implying transmission dynamics of inﬂuenza
viruses in Taiwan (Figs. 4–6, Supplemental Fig. S1). Yet total num-
ber of inﬂuenza cases detected thorough laboratory surveillance
certainly underestimates numbers of infected cases in the com-
munity, since not every case seeks medical treatment, and not all
inﬂuenza-like illness patients were tested.
Distribution of inﬂuenza cases identiﬁed by rapid antigen detec-
tion and virus isolation indicated patients’ ages ranging from a
few months to greater than 91 years, but 10- to 15-year-olds as
the highest-risk group for pdmH1N1 infection (Fig. 3). Still, the
proportion of inﬂuenza B isolates in each group showed different
age distribution pattern: younger children aged 6–10 as high-
est of isolation positive rate for inﬂuenza B virus (Fig. 3B). High
incidence of 10- to 15-year-olds was also found in other reports
50 Y.-C. Lan et al. / Virus Research 177 (2013) 46– 54
Fig. 4. Phylogenetic tree of HA genes from pdmH1N1 isolates, using Maximum-likelihood (ML) method. Phylogenetic tree plots nucleotide sequences of pdmH1N1 and
seasonal H1N1 isolates plus pdmH1N1 and seasonal H1N1 strains in Taiwan and vaccine H1N1 strains. Sequences were aligned via BioEdit and Clustal X, phylograms
generated by ML  methods and MEGA tree-drawing software. Branch labels represent stability of branches over 1000 bootstrap replicates, only bootstrap values >60%
p pty tr
p
t
y
(
i
i
(
iresented. The triangle and circle denote samples collecting in 2009 and 2010. Em
opulation.
hat the 2009 pdmH1N1 virus was predominant in children and
ounger adults than those aged >65 years in Denmark and China
Orsted et al., 2013; Yu et al., 2012). Incidence among the elderly
n this study showed lower positive rate compared to the ﬁnd-
ng in the nationwide surveillance in Taiwan during the pandemic
Chuang et al., 2012). The pdmH1N1 seroepidemiological studies
n 19 countries/administrative regions indicated incidence as 47%iangle and circle represent vaccine strains; solid one means viral isolates from the
among children aged 5–19 and 36% in those up to 4 years old (Van
Kerkhove et al., 2013). These resembled our age distribution.
Transmission dynamic analysis indicated pdmH1N1 showing
peak prevalence as dominant circulating strain in November 2009
and sharply declining in January 2010 (Fig. 2). The Taipei gov-
ernment started vaccinations against 2009 pdmH1N1 virus from
November 2009 to January 2010; overall vaccination rates were
Y.-C. Lan et al. / Virus Research 177 (2013) 46– 54 51
Fig. 5. Phylogenetic tree of HA genes from seasonal H3N2 isolates, using ML analysis. Phylogenetic tree of HA nucleotide sequences of H3N2 isolates in this study plus
H3N2  strains selected from GenBank was constructed via ML  method and MEGA tree-drawing software. Branch labels represent stability of branches over 1000 bootstrap
replicates, only bootstrap values >60% presented. The square, triangle and circle denote samples collecting during 2008–2010. The solid square, triangle and circle represent
viral  isolates from the population; empty one means vaccine strains.
52 Y.-C. Lan et al. / Virus Research 177 (2013) 46– 54
Fig. 6. Phylogenetic tree of HA genes from inﬂuenza B isolates, using ML  analysis. Phylogenetic trees of HA nucleotide sequences from inﬂuenza B isolates plus inﬂuenza B
strains  selected from GenBank was constructed via ML  method and MEGA tree-drawing software. Branch labels represent stability of branches over 1000 bootstrap replicates,
only  bootstrap values >60% presented. The triangle and circle denote samples collected during 2009–2010; solid triangle and circle represent viral isolates from the population.
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6.9% for schoolchildren and 24.6% among the general popula-
ion (Huang et al., 2010; Kao et al., 2012). Prevalence of the
009 pdmH1N1 virus dramatically fell as of April 2010 in Taiwan
Figs. 1 and 2), possibly linking with efﬁcacy of the mass vaccina-
ion program. Due to monovalent vaccine for the 2009 pdmH1N1
irus, mass vaccination had no effect on prevalence of seasonal
nﬂuenza A/H3N2 and B viruses in Taiwan during January–August
010 (Fig. 2). Increasing prevalence of seasonal inﬂuenza A/H3N2
trains has surfaced in Taiwan since April 2010. Seasonal inﬂuenza
 also showed a prevalence peak on May–June 2010 in Taiwan.
revalence of seasonal inﬂuenza B in this study exhibited change
f seasonal pattern in which two prevalence peaks appeared in
inter and summer (Jian et al., 2008a,b); the dynamic patterns
f pdmH1N1, seasonal H3N2 and inﬂuenza B circulating strains in
entral Taiwan were similar to nationwide surveillance in Taiwan
nd other countries (Broor et al., 2012; Chuang et al., 2012; Orsted
t al., 2013; Yu et al., 2012).
The 2009 pdmH1N1 virus was dominant from August 2009 to
anuary 2010, suggesting pdmH1N1’s greater viral replication com-
etence than seasonal H1N1 and seasonal H3N2 inﬂuenza A (Chan
t al., 2010; Itoh et al., 2009). The 2009 pdmH1N1 virus repli-
ates more efﬁciently in lungs of mice and ferrets than currently
irculating seasonal H1N1 virus while showing higher replica-
ion rate in human conjunctiva than seasonal H1N1 and seasonal
3N2 inﬂuenza A viruses (Chan et al., 2010; Itoh et al., 2009).
nique replicating characteristics of 2009 pdmH1N1 link with
apid global spread. After April 2010, positive rate for seasonal
nﬂuenza A/H3N2 rose, while the rate for 2009 pdmH1N1 virus fell
Fig. 2). Such prevalence had a likely explanation due to success
f mass vaccinations in preventing 2009 pdmH1N1 virus trans-
ission. Dominance of seasonal H3N2 inﬂuenza A post pdmH1N1
pidemic was likewise observed in France (Turbelin et al., 2013).
irculation pattern of pdmH1N1, seasonal H1N1, seasonal H3N2
nﬂuenza A and B viruses in central Taiwan post pdmH1N1 outbreak
greed with other studies (Chang et al., 2009; Novel Swine-Origin
nﬂuenza A (H1N1) Virus Investigation Team, 2009; Peiris et al.,
009).
In the HA phylogenetic analysis, most Taiwan pdmH1N1
equences were part of lineages grouping sequences of multiple
eographic origins, suggesting that various pdmH1N1 introduc-
ions were of multiple origins. In Fig. 5 for HA phylogenetic trees of
nﬂuenza A/H3N2 isolates, these epidemic clades point to multiple
nﬂuenza A/H3N2 transmission clusters among Taiwan respiratory
nfection patients. We  noted unique clusters of inﬂuenza A/H3N2
Clusters 1 and 2 in 2010) and inﬂuenza B (Cluster 3 in 2010) in
aiwan following the 2009 pdmH1N1 vaccination program, but this
as not observed in epidemic among pdmH1N1 and seasonal H1N1
nﬂuenza A viruses.
After disappearing in 1957, seasonal H1N1 re-appeared during
he 1978–1979 season, co-circulating with seasonal H3N2 virus
o become dominant in America, then spread worldwide. H1N1 is
eriodically (every 3–4 years) identiﬁed as the major subtype caus-
ng most infections. Seasonal H1N1 causes epidemics in Asia (such
s Vietnam, 2006). In 2005, seasonal H1N1 was identiﬁed as the
ominant circulating strain of inﬂuenza A in Myanmar, replaced
y seasonal H3N2 virus in 2007 (Dapat et al., 2009). Since then,
easonal H3N2 virus has caused yearly winter epidemics in tem-
erate countries, especially in East and Southeast Asia (Russell
t al., 2008). Monitoring Southeast Asia is critical, since it is con-
idered ground zero for worldwide seasonal H3N2 virus. Also,
o-circulation of pdmH1N1 and seasonal H3N2 inﬂuenza A was
dentiﬁed as causing mixed infections in northern China, but 2009
dmH1N1 virus eventually became prevalent (Wang et al., 2011).
he ﬁnding concurred with results of this study, in which pdmH1N1
trains showed a higher competitiveness than seasonal inﬂuenza
/H3N2 from August 2009 to April 2010; mass vaccination withch 177 (2013) 46– 54 53
inactivated pdmH1N1 strain signiﬁcantly reduced prevalence of
2009 pdmH1N1 in co-circulation of inﬂuenza strains.
Victoria lineage of inﬂuenza B viruses circulated infrequently
in Africa, Europe, America and East Asia (Hay et al., 2001). Both
Yamagata and Victoria lineages of inﬂuenza B virus co-circulated
in Taiwan since 2001. The following year, reassortant inﬂuenza B
strain carrying both Victoria-like HA and Yamagata-like NA genes
was  identiﬁed (Li et al., 2008a,b; Tsai et al., 2006; Jian et al.,
2008a,b). Only the HA gene segment was used for phylogenetic
analysis in this study, meaning that we  worked with limited infor-
mation on whether or not Taiwan strains were reassortant. Our HA
gene phylogenetic analysis indicates more epidemic clades (clus-
ters) in Taiwan compared to those reported by the Taiwan Centers
for Disease Control for the 2009 pdmH1N1 outbreak (Yang et al.,
2010).
Phylogenetic tree analysis also noted (1) seasonal H1N1 and
H3N2 inﬂuenza A vaccine strains not sub-clustering with any
Taiwan viruses and (2) a small group of 2009 pdmH1N1 strains
clustering with 2010 pdmH1N1 strains (Fig. 4, Supplemental Fig.
1). Seasonal H3N2 strains in Taiwan signiﬁcantly clustered with
or were separate from vaccine strains, possibly indicating vacci-
nation limitations. Individual cluster outbreaks of seasonal H3N2
inﬂuenza A and B viruses did appear after the 2009 vaccination
program (Figs. 5 and 6). Phylogenetic analysis identiﬁed multi-
ple unique clades of inﬂuenza A/pdmH1N1, A/H3N2 or B virus in
Taiwan, implying that prevention efforts against pdmH1N1, sea-
sonal H1N1, seasonal H3N2 inﬂuenza A and B vaccines must focus
on more than one viral genotype.
Mass vaccination and herd immunity decreased prevalence of
pdmH1N1 virus; seasonal H3N2 was predominant in Taiwan fol-
lowing the 2009 pdmH1N1 outbreak. Similar results emerged from
nationwide surveillance by viral culture and RT-PCR (Chuang et al.,
2012): pdmH1N1 epidemic curved started from 2009, followed
by seasonal inﬂuenza B virus during the 13th week of 2010. Sea-
sonal H3N2 inﬂuenza A positive rate rose during the 23rd week of
2010. Such dynamic patterns of inﬂuenza epidemic in Taiwan also
appeared in China and India (Broor et al., 2012; Fan et al., 2012).
Emergence of predominant circulating seasonal H3N2 inﬂuenza A
and B strains post pdmH1N1 pandemic implied sustained transmis-
sion dynamic over time in Taiwan. Evolution data also underscore
limitations of preventive strategy that focuses on a single virus.
We  hope the above results lend better understanding of inﬂuenza
A and B virus circulation, thus contributing to ongoing worldwide
surveillance.
In sum, 2009 pdmH1N1 virus was  predominant in Taiwan
from August 2009 to January 2010; mass vaccination starting
in November 2009 effectively blocked this pandemic. Seasonal
inﬂuenza B virus was  predominant post the pdmH1N1 outbreak;
co-circulation of pdmH1N1, seasonal H3N2 inﬂuenza A and B
strains appeared in Taiwan since May  2010. Phylogenetic evidence
indicated dynamics of co-circulating inﬂuenza strains in Taiwan,
showing multiple independent introductions of inﬂuenza A and B
strains that succeeded in sustaining onward transmission in Taiwan
until now. Transmission dynamics of inﬂuenza strains prompt us
to observe limitations of preventive strategy, which might not
only focus on one outbreak (such as pdmH1N1), but also moti-
vate vaccination against other earlier dominant inﬂuenza strains
(like seasonal H3N2 inﬂuenza A or B) at the same time. Results
afford better understanding of transmission dynamics of inﬂuenza
A and B strains in Taiwan and contribute information necessary for
continued worldwide surveillance of inﬂuenza viruses.Conﬂicts of interest
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